. Thorax, 28, [547] [548] [549] [550] . Centrilobular emphysema and panlobular emphysema: two different diseases. Twenty-one cases of centrilobular emphysema and 19 cases of panlobular emphysema, previously so designated according to recommended criteria, were reassessed for differences in zonal distribution within lungs through systematic sampling and statistical comparisons. Characteristic distribution profiles were defined for the two forms of disease. Centrilobular emphysema appeared to be mainly a disease of the upper lobe and the apices within the upper and lower lobes. In contrast, panlobular emphysema was a more or less diffuse process within lobes and lungs with mild preferential involvement of the lower lobe. These regional trends coupled with the typical appearance of individual lesions within lobules are considered to provide strong support for the contention that centrilobular emphysema and panlobular emphysema are morphologically distinct entities. Probable reasons for difficulties in differentiating some examples of centrilobular and panlobular emphysema are given. The need for further clarification of associated and background factors is stressed.
Two major types of disruptive pulmonary emphysema were differentiated in a general population in 1957 and designated centrilobular and generalized emphysema (Leopold and Gough, 1957) . In an ensuing evolution of semantics, the respective terms centrilobular or centriacinar and panlobular or panacinar were applied eventually to the two conditions (Ciba Guest Symposium, 1959; American Thoracic Society, 1962) . Centrilobular emphysema has been characterized as beginning in and around the centres of the pulmonary lobules whereas panlobular emphysema develops in a more or less generalized or uniform fashion within lobules, lobes or even entire lungs. A predilection of centrilobular emphysema for the lung apices has also been noted (Thurlbeck, 1963) . The medical community has not been unanimous in accepting this concept of two basic forms of disease; typical reservations were expressed in a recent article (Mitchell et al., 1970) . The purpose of the present study is to examine this problem by systematic sampling of lungs for differences in the distribution of these two types of emphysema. 
MATERIALS AND METHODS
From a large store of paper-mounted whole lung sections already graded for degree and type of pulmonary emphysema during a series of previous investigations by various members of our group, 21 cases of centrilobular emphysema and 19 cases of panlobular emphysema were chosen for this analysis. The two groups of cases were of comparable severity. Causes of death included emphysema as well as other diseases common to a general hospital population. Details regarding the method of lung preparation (Gough and Wentworth, 1960) and general approach to sample selection and lung assessment are available elsewhere (Anderson, Hernandez, Holmes, and Foraker, 1966) . Single parahilar macrosections were chosen, since it was previously observed in our study material that this plane did not show statistically important deviations in extent and type of emphysema from the mid-sagittal level and the lateral aspect of the lung (Anderson et al., 1966) . The grading system employed previously gives an indication of severity, ranging on a scale from 0 to 6, and a visual impression of the type of emphysema present without reference to extent.
The only criterion for admission to either group was a previous designation of more or less pure centrilobular or panlobular emphysema in accordance with recommended criteria (Leopold and Gough, 1957;  FIG. 1. Transparent plastic Ryder grid divided into 10 equal, wedge-shaped, radiating segments, placed with its mid point at the mid point of the greater fissure and with the diameter between zones 1 and 10 lying over the greater fissure of a paper-mounted whole-lung section. When numbered counterclock-wise, with the lung in this position, zones 1 to 5 correspond to upper lobe, zones 6 to 10 to lower lobe, zones 1 and 2 to apex ofupper lobe, and zones 9 and 10 to apex of lower lobe. Grid zones numbered clockwise correspond to same lung areas for lung specimen mounted in the opposite direction. Society, 1962) . These lungs were then regraded for severity and distribution of emphysema with a transparent Ryder grid (Ryder, Thurlbeck, and Gough, 1969) . When properly positioned over a paper-mounted lung section a Ryder grid divides a specimen into 10 equal, wedge-shaped, radiating segments, corresponding to the zones shown in Figure 1 . Using such a grid, emphysema was scored as either 0, 1, 2, or 3 in each section of the grid. These corresponded respectively to the standards of 'no', 'mild', 'moderate', and 'severe' disease of Ryder and associates, which have been made available to interested workers (Ryder et al., 1969; Thurlbeck et al., 1970) . The sum of the scores from the separate zones of a given lung constitutes the emphysema grade for that lung according to the original Ryder system. However, we utilized the mean of these zonal scores with standard deviations, since this approach seemed to satisfy better the statistical needs of the present study. Data so obtained from the two groups of previously designated panlobular and centrilobular emphysema were then statistically assessed and compared for patterns of distribution by zone throughout the entire lung.
RESULTS
The general characteristics of the subjects of this study are summarized in Table I . The severity of both types of emphysema varied from mild to extreme; however, the mean degree of disease was the same for the two groups, i.e., 1 5. All the patients with centrilobular emphysema were cigarette smokers and all but two were men. Smoking histories were available on 15 individuals with panlobular emphysema; eight of these were cigarette smokers. Of the total group of 19 patients with panlobular emphysema, 11 were men. The distribution profiles of the centrilobular and panlobular forms of emphysema are demonstrated graphically (Fig. 2) . Mean degrees of the two forms of emphysema for different lung locations are compared statistically in Table II . Differences are immediately apparent. Centrilobular emphysema tended to fluctuate considerably in severity from area to area within the lungs and this was reflected in preferential involvement of certain zones. Thus, there was significantly more centrilobular emphysema in upper lobe zones 1-5 than in lower lobe zones 6-10. Centrilobular disease also was substantially more prevalent in the upper lobe apical zones 1 and 2 than in the remainder of the upper lobe zones and also more common in the lower lobe apical zones 9 and 10 than in the other lower lobe zones. In contrast, panlobular emphysema showed a much more even distribution in the lungs, I but the lower lobe zones 6-10 were slightly more affected than the upper lobe zones 1-5. No statistically significant differences were obtained for panlobular emphysema between different zones of the lung lobes. Consideration of means and standard deviations of emphysema scores for the 10 zones provides another index of distribution of centrilobular and panlobular emphysema within the lungs. This type of analysis is demonstrated graphically (Fig. 3) . If the mid point in the range of standard deviations (0-81) is used as a reference point for all cases, it will be seen that centrilobular emphysema was characterized by a relatively high degree of variability with respect to zonal distribution or scatter (0005>P>000l1 by x2 test). The comparatively low standard deviations of the panlobular cases suggest much greater homogeneity. Despite these trends it is of interest that the distribution of centrilobular disease more closely approximated that of panlobular emphysema with higher grades of disease (P>0 10 by F test comparing distribution of panlobular and centrilobular disease for mean severity 1'6-3-0). This probably has had a bearing on difficulties in distinguishing between the two forms of emphysema and is discussed in this context later.
DISCUSS.ON
Most previous descriptions of the morphology of centrilobular and panlobular emphysema were based largely on visual impressions of the relations of these lesions to pulmonary lobules and acini (Leopold and Gough, 1957; Ciba Guest Symposium, 1959; American Thoracic Society, 1962) . In the present analysis, characteristic macroscopic patterns of distribution were defined with respect to the whole lung through systematic sampling and statistical comparisons of different lung zones. These findings are in general agreement with those of Thurlbeck (1963) .
As mentioned earlier, some workers have expressed serious reservations concerning the distinct natures of centrilobular emphysema and panlobular emphysema (Mitchell et al., 1970) . Several factors have contributed to this. Centrilobular and panlobular emphysema are highly prevalent in the general population and thus commonly co-exist in all stages of severity in the same individual. When possible, we have found it convenient to classify these lungs with both forms of disease as mainly centrilobular or mainly panlobular for statistical purposes. Another circumstance leading to difficulties in diagnosis is the advanced state of disease in some specimens coming to necropsy. This was reflected statistically in this study by the finding of similar distribution profiles for centrilobular and panlobular emphysema when severe disease was present. To quote Liebow (1968) , inspection of such lung '. . . may be merely sifting the ashes of fires long dead'. Study of other vital organs with end stage disease, such as the kidney, has been fraught with similar difficulties. This, however, in no way minimizes the essentially separate natures of the different processes which lead to near total organ destruction. Even in the presence of advanced emphysema, intermediate and even slight lesions demonstrating the basic patterns can often be found on careful search.
Although there seems to be little reasonable doubt that centrilobular emphysema and panlobular emphysema are morphologically distinct, it may be argued that their differentiation has no clinical relevance. However, some clinical differences have been observed. Thus, centrilobular emphysema has been associated closely with smoking (Anderson et al., 1966; Gough, 1968; Ryder, Dunnill, and Anderson, 1971 ) whereas panlobular emphysema has been observed with random frequency in smokers and non-smokers (Anderson et al., 1966) . The findings in the present study are in keeping with these earlier reports. Emphysema with a panlobular distribution has also been associated with ageing in non-smokers (Anderson, Furlaneto, and Foraker, 1970) and with deficiency of serum al antitrypsin (Guenter et al., 1968 
